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SECTION I !

: 1. IEMMODUCYTOR
This is the Finel Report to be submitted wier Qomtract NS-car-50801,

"hich wes cyonared == Sypported st varicus timos and in varicus sawate

by the Office of Naval Research, Buresu of Ordnance, Buresn of Shipe,

ST (RN

This conty=ct wes initistod and wrt startod op 13 Jume 198,
{ It is nov scheduled to eapire on ths present expiration date of 31 Decem~
H (: der 1953,

The priaxry purpose of this ccutract hes dDos: to o=y re-
: search snd developmeat in the £ieléd of tunable narrow band opticel filters,
3 In 1ts initiel coaoeption the aim was to develop and bring to practicsl
i realisation the twaable filter croceived by Dr. B. X, Bllingz®, whier
‘»!“ uses narroy xlarisstion iaterference fyinaes arising f2om dDivefringant
i crystals o producs the parrov p2sz band (the Iyot® rixed fiiter), with
; thn tuping belng afiad sithar U7 mechmrical rotation of some of the
§ polarise: <@ coystul elementz or by mesns of the nlectrically variadle

:

rtardation vhich can b3 provided dy tho olsctro-optic elfect in crystals.
During ths firet two years of tiw oamtrect alacst all the
saphasis w=3 on the devalopment of the fixed Iyot «ad tumable Billings

1. This conception vas Pirst descrided in a publisntion in the J. Opt.
Soc. M. 37, T58 (1947).

2. 3 w’ Gompt. rend, m 159 (1”5)-
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Bmizd Acsocictes, Inc.

£11tery to jenctical realisetion, In the case of the fixed filter the
Gevelogmmt prooeeded to the point where the epparetus was wusesptible
to practissl memufacture, This filter differed from Lgot's priwerily
1n the use of AP im ploce of garts end caleitz. A muber of theeo
fixzed filtars for the wavelangth of B3 hawe proves very useful for stulies
of the sm andl its corome by cetvonczuts. In the case of ths tumshle
£1lter, although a maber of ressarch wdels wors construcied, wsilintee
both mectentosl and electrioal tming, its oocplexity et sxpesse sesssd

G,

the empbasis of the work undsr the comtrect. AlShougk coutimcding %0 ek
on tusshle mariow beand opticel filters, the restriction to the polarise~
tion intardgremesg filter of the IgetBlllinzs type ves 1lifted. Yerisos
mdiftioxtions of the Fadry-Perot interieromster and interference in thin
eveporated f1lms, wetal or Aislactric, Ware ox.efdared snd éevelopud,
which migit haw ocmsideredbls edvantags in sise; simplicity, ani cost
over speatromsters aod moncolroagtirs of egusl resclrtion. Jundammtally;
this s the ohcrteoming of the original tmalls filtar. % tes oA
ceived as baing a slwple &l inexpensive rogiaceamnt for & lenge grating
spectiogreph, but it twned out €0 be about oz costly ead &l1Zfisalt ¢o
Yatld.

In edMition tbs wxk wus sade more pructical by spplyiag he
Cumadle fiitex Coclmigues 0 tha sclentifically and techuically impertent
fiuld of 1sotope cubiwmtretics mewsurcaest by spectrochamiocal becdmigueise
NMoat of the prectiocs was aimed st the hydropgm-denterium probles & typical
of tie {e0t0ps MsssuTementt prodilen.
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Baird Assoviates, Ino.

mvukmmmmmmm.mu
~mza_ammummmmmy There are eight
provious repoxrts. It ie felt that there is no alvantage o reprinticg
for this final repomt the Jdetailed material covered in these reports,
Roweawer, ip the naxt section Brief abstracts aad sugwriss of thess re-
ports wiii B2 given for referwnce purposes. JActually tlase {imterim
techaicsl reporie ware issusd st sppeopriste tises vhet it a3l pos-
M%W;NMMMrﬁm:&aﬁk‘"ww,
railesy iR to fegue thaw over ognel voridng tisce. An attegt s
mde %o gake Sach one an eniity iz Stself,

Accordisgly, aftar these brief swmerice, %be bdulk cf the text
of this £imel repcct will 2cal with the Awvelopaents wmder this contract
eince the last Techulcal Report wes ieszed oo 1 July 1953, and with smy
other etecial 20t previously covered in the Tecinice) Reports. The
intarested readsr is reterred to the ewriier Teclmical Repocts for Ge-
tailed informatioe as to the wck o8 the early vbuses of tBis rvoject.
2. ATRACTS OF TEE PHEGEUISG TOCANIGAL KEPCEDS

211 o2 theer revorts wers isswd wnbsr Govtract FR-onr-80801,

with the OFfic; of NMaval Resesrch o thw prindipal sfdristigiive somusy.
2.3 B. So BiMeos, "Stmmoer of Tunzble Miltar Neolesh®, 30 Necasher 33,

This wes & picgress report viich ovtlined the esparizantel) pc.
grams then unfarvay towsrds the developaent of fixed und twabls velari-
sation fllters, \wier the folicwing Givicions:

2:).1 Procwemsnt aid mnufacture of eleawats for a miXed
Nearrow Band Folurissxtion Fiiter,

- A & 1 N
u!ﬁ-——ﬁ-——m :
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Batrd Aseocistes, Ine.

£.1.2 Invcstigaticn of slestricei twning methods.

2.3.5 Davelopment of mecharical tuning methods.

2..h Ingrovement of the sngular f1a1d cf view of electrioal

2.1.5 Drvalopment of fized filters for isoisting the apectral
region to be covered by wuning.

£.1.6 Operstics in the infrared.
£.2 W, M. Devisin e 5. 3. Sage, "Probles of Fimed Filter Developmemd
fox Fustag Pumcess™, 11 March 1949,

(ne of the sajor provicws in the developesst of & trzcdie flter
1s the summfacture of the basic fixed rilter. A betaf meme= =7 the
thecry of the lgot type filter iz descrided. ¥he viysical tolerwnces
% ths vavious alazexts is dlsCusasd, ce are the tetimiguas of arisaticg
s eptically Pintshing the oryetal 1lates, tespsrsturs comtvol on? ime-

instion.
B, M. Draisin, 8. 7 Sage =l J. 8. Anleswen, Technles) Moyt dmted

-
2 st 199,
sule repcEt ofToTe tim wake frtivilies wnfeaiteben dorizg ehe

EIRL Janwry 1 % August 1, 1939, iz the dsvelgrwsalr o 2 Cumbhis
SCTTOw BNt ol fUtsr, The protleu of Sschanical rrocersing of
clensats ip Giscnesed wiih Zwe dotedl ¥ma 13 tho lact remort; mast of
o8 Direfringmcs variatice with teipersture, tampervture ccatrol wnd
eusing, mice corrector pleies sal thelr senmpements; Stming slsants
end additionsl wws for fliter ocapcosts bave besn included. Fimally,
& seetion covering problams for future investigusion closus ti1s Tegors.
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2.4 B. J. Veichel, Technicai Detc, “The Index snd Dispersicn of Asoniwe
Dihydrogen Yhoanhete®, 1 June 1950,

A ocupilation of tis best valuss obtained from sz evaluatice
of messurowcrts at the National Juresu of Stendards, University cf

e e e ot |

Rochester; snﬂmu-oc:steé, Iuc. Fimal sccurecy in indox walvea
1s estimated as 5 in the sixth pisce bayond the decimal. Rsage H000-

6700 angstroms.

£.5 Bo B, Biliirgs, W. . Graisin eod 5. J. Sage, Tecimicel Tiportc Gsbed

This report coverc the axtire dsvelopment of tie fixed axd
tunable filters from the inception of the comtract in June 1948 wntil
Jue 1950. It thus repests or mummerives oot of Cim infisation in the
preceding reports om fabricztion of tha fimed filter. In additiom, the
development of the tumebis filter iz treaisd in detsil for the fivwt
time. Several tining zathods are presexted, sous of which were tried in

2,6 3. N. Billings, 8. J. Sagc and ¥, %”g{mm

datel I Septester 1552,
nmmﬁ.aiﬁnmmwwmﬁ davatopaaat

oA S - ce = b o _YSAS

¥CIK On Other Types Of DeiTow Umid optical Tiivaas. Tos uws O BUAGA-
layer dielectric refiactors %0 obtain greatly decreased band pass snd
incroased tranmeissicn in the solid Padry-Parot interference filtar 13
doscribad. Filters 30 augstroms wide with peak trunseisaion of S0P were
produced. The simple Lagpenisis filters can de tuned over a semge of
&t ieast i0f of the pesk vewvaleugth simply ty tilting the filter. The

b il
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Talxd Asecciatss, Ize.

uss of thess coma saltilayer reflactess to0 grestly ixwmove the character-
1gi10s of the stanisrd elr-gpaced Fedry-Busnt interfervuster ie dlsoussed,
Applicaticc wes mnde to the extension of Fabry-Perct interferomstry imto
the infrared aod to the kigh resoluticn stuly of Zectope ebumdanccs. The
tcierances on interfexcmoter plate Zlatnese s dlscuoeeld; i apparetw
for flatness tosting was davisod and described in the report. Mica
clesvages siivered on both cides ware 2sveloped as the bagt cvailadls
solution to tts provism of obtaining thick, 1lat, eclili spacer iayers
for Fexy-Ferot filters with bend wifth the order o 1 angstrom. The
diffisuities of eflver reflocting layere in the infrared is &iscussed.
The mics plates wers then coated with multilayer reflectors designed for
sbout 1.7 microns, Bxperizects ou the 1.7 micron doublet of mercury
domonetrated tiat high resolution Falry-Perot imterferomstry could de

Falry-¥erot interfercmstsy to isotope Astarminetime 12 dlecussed, with
srmitanbion £ the ressintion of the mirsioy ShEL oof ks Niiacgem 30
Lactope e2ifts end hyperfind strusture, Finally, considersble further
davelopent on the tinsble polarizetion interferance filtar is presexded,
with eslasis on extscding the tuning reaage af tae flliter o Sover vexy
¥ide epecissi rogions. Tuis requires low arder reterdstica plates, and

During Uhs period covered by this repors work centared ca the
memmmwmmumm.
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Beird Acsociates, Inc.

A 1oseidble instrvment for analysing Lydrogen-dsutsrive mivturee is &is-
cussnd. This instrment s Buseod mpon the fast thet the mica spacer can
be adjusted to produce two cppositely polarizsd 1izht: bemms, one tre=mmite
ting et BX and the other &t D,

Experimsnts have been performed to tost ths sensitivity end
reproducibility of the system. These preliminexy tests infdisgte tiat tlw
instrumart conld be used suscessiuily to measurs ths reiative concentre-
tica of W Leviopes.

2.8 R. 0'S. Carpenter, S, J. Sage end N. Kepaocd Jr., Teclmicsi Report
dated July i. 1953,
The Fabry-Perct interforometer with mivca cles7ages as the

{ spacer, as daserided in the last repart, 1s completaly investigates in
this sepors. The pouperties of xica seena to render 23 ispructical for
the ueags envisaged, namely, the variadility froo semple to sempie in
birefringence, the impossidbility of cleaving to & prescribed thicikness,
cod its sbeorption.

Az AP Uirefringeut polarization filter, a wique type of
twnable £4l2:r, is denmcribed and enalywed complotely im this regort.

It is found that it is suiteble for only moderste accwrecy isotopic

oY amn Wrosh ad 24o ALSOE swiVidew amd mas oo btos Bleo —bhameodommr o B
DR J TS ¢ AEL ¥ Vi AVE YAALAGULY] BLAPTD 4A4VEI VISS 44T B WS VULGT RIRA

RopRier droadsniing of B2 end D, and this effect is andlynsd. The
yther Girficuiities are the high tolsrances reguired ia flatness of
plates snd in twoperature comtroi.
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society meetinge wers supported by or stimlated by the work of this cone

tract, at least 4n pert,

3 By K. Pilliogs, "Tuneble Nerow Passbepd Optioal Fiiters®, Vinter
Meeting of the Optical Sccisty of America, February 20-%; 1ONT.
J. Opt. Soc. Am. 37, @14 (19k7).

A mnlariestion £i1ter will Be Ascowihod which 222255 & Togace

o AT A W A e S W i ein @ S Yhh A b

of the spectrum of the ordar of an angwirom ia width and whose passband
mnmmgmwwmmtmmm.mm. Pre-
viously, polarisstion filters have beenn designed which have a linsar
sparture of seversl centimeters and a transaission dena an angstrom wide.
The action of these filters depends on the mperposition of the polarised
channel gpectra formed by X cut Hlstes of guarts Letween parsllel rolare
igers. Quartz plates were ne2sad vhose thicknesses were in the rstios 1,
1/e, 1/k, etc., the alternate passbunds of ecch plate ware cancelled out

by tbe bisck dands of the succeeding plate. Since the parsbend cf such
filters was fixed in wavelaosgth, {hey hed linited spplicatiom. Interest
ia Tilters of 4tuis type wees restricied ==inly ¢t Astroncmese. Adelysis
shows thet the 1. 1/8, 1/% retavdation ratics in the fived 017222 2= 3o
upeet counsideredly without indueing any spprecialils change in ite optical
charactaristics. Tuning is acecoxplished by eltering tie ratardativn of
the successive filter elmants so that trmncuission mexime in the individucl
chantel spectra coincide st the desired passdasd waveleagth. This Setar-
datice change cen be made mechanieally for exspple Ly stretcohing supplesmtal

artgs: i e S DRI A o
S ot el SIS R S
s
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plastic sheets in series with the elemscts. or osn be mde slactrically
by ueing Kerr calls or orystals with dgh electro-optis sceffisients
such 2= emoniim d3hydrogen phosphate. The additional reterdsiion ST
bas to axceed & full w=ve. In the slectrioal caso, & netwrk could de
arranged s0 that with a eingls comtrol the passbend could be shifted
through the spectrus. A tunadle filter will de Asmmsirwicds
5.2 B, B, Bliiinoe, "A Tunsble Herrow-Band Optioal Piltez™, J. oo, Sse,
s=. 7. TR8 [10MT). '

Polarisation interfornnce P2lters &re descrihed which csa eve
a pease dend ranging frzom & fractics of ai angstrom ¢0 ssveral bomdred
sagstroms in width. The pess basi can be shifted t0. any Sasired regstioe
of the spectrum. Thees tiunable filtere ars tased on the fimed filters
digeuseed by Lyvt and Evans, The transdesicn dand is formed by the
superpositics of the polarized shamwel spectra, produced By x-cut rlates
of muaxts or other birofriugnit media placed between parzllel palarisers,
The birefringent plates have tiiicknesses in tbe retio lithb ete. The
tuniang 18 acocmilished by chaniing the retardstica of suscessive elumacts
80 bt trensmiseion maxims in the vericus chc=smel spectre soincide €5
the desirsd wvelength. mwmwonummmm,
for smwamnle. by rivatching suor lamuntal nlzst‘c shewts in series with the

£13tcr slements, or can be made alectrizally by wing Kerr cells or crystals

with high edeotro-Tptic so:fficiaie, such a2 ammoniwe iihypdrogun phoaphece.

" the aMiticoal retaraticn never Das o exosed & full wevs st the wevelangth
of peak transmiszion. mmmaummm@c

O 1s shown. Tho electrios) tuniag method is perticularly adepted to asthode

L
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ray osoillogrenh presemtaticn of spocirs. Toe filter aiso bes poseibie
plicatice fr cclor reproducticn and colorissicy. WIth « pess denk of
o half-angstrom line of sight mction of solar proxinences couid be deter-
=ined by the use of the Doppler ehift of the’prominence rudiaticn.

3.3 to 5.6

Effect in Unisxial Grystals of the Type X K P0,." J. Opt. Boc. Am.:
1. Theoresical, 39, 757 (19%9) T
mmwummamammx%,m
2252 Sllipeodd in the cry=tsl is rotsted end the leugth of the sxee
shanges. Two tlsctru-ortic coefficists sre necessery tc decaribe the
e fec’, 1n the moct geveral plate of the crystal. The nscessity for two
coefficients 1s shows from consideration of the crystal symmetry. The
bebavier of Z-cut and X-cut plates is trected in dstail, For X-cut plates
with the 7oltsge in the Z &irecticn the arystal becimes biaxial with the
Plane of the optic aves at 43° to the X end ¥ crystallogreghic axts. The
retardation along the mormal to the plate ie directly proporticoal to the
voltage and indepenfient of the thickness. he charsctaristics of the
polarigation iuterlerence patterm for excited X and 2 plates are discussed.
I, Dgerisental, 39, 30e (1949}

In this paper it {s shom experimentally that whac - voltege is
spplisd to the 7 direstion %0 a Gasal section of smmniue dihyirogen nbos-
Fiate the crystal becczes biswinl, The novmal to the piate 13 the disector
ummmmmwmmumnhfuagma
graptic excs, The loowtica of the exial plane S indepeodent; of the mag-
nitods of the voltagy. The retardstion alceg the normal is directly

e e o g e B
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peoportiaal 4o ths voltage and is iodependant of the thicknass of the basal
geoction. FPhntas s ghowm of the ntorfamanse nabiewn SWboincg itk
polavined 11zt when voltage is spplied to the orystal.

The behavisr o the crystal plste with an elternating voltags
is algo dscarided, Betveen yolarisers the crysisl oim opersts a8 @
11ght valve both for sbort puless as in & cemera sintter o for comples
sound waves ef in & gouni.cm-fMlw devige. 3% 15 chiown thet with eireuler
Mhﬁrﬁmmxﬁmgmwiw

IXI. Messuremsst of Gcefficlents, k0, 225 {1950}

The elsctro-optic coefficients of two (rystals keve hoen abasared
by both static end quanic mthofs. For EEKPO,, ey = 258, Ty = 6.85;
for ZEP0,, Ty« 315, T, = £,58 (units 2077 e.gus., 20°¢ AJ360). The
variation of the electro-cptic roqpoose with the freguency cf the egplied
1eld 15 given and related to ths piesoulectric vibraticns of the crystal.

A thacr:ical relstion for the differwndce in the alestFn.ontie conatscta

m.m‘.twm-ugmnme sirsin i3 derived, wiich pro-
ilen @ s oF e wRELTCR Yy &7 Yhe pireeemtly evalladle elextri-cptic,
e cttoctio . plantale~icis and clastic cosfficients for those crystels.
ﬁnmﬁc.c.m&@hﬁ%ﬁnﬁ@ymwiﬁmiﬂm“
uents iy discvesed. |
V. aagrlor Fisld of the Klectro-Optic Shutter, he, 1* (1958)
When voltags 13 explied to @ tasal sectice of wilaxisl crystal

ummm.mmmsm. Betwesn cr0seed polarisers

}tmhocuidmd,tha,too«ucﬁgh&vdn. e aagalar f£i21d
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of view 1c 2ixited by the meturs) retarditiss of the arystsl. This peper
iscussss methods by whish this naturel retardatics can be winimised or
effectively canceled so that the rotardatica with mo voltage is essetially
8670 CYer & large angule> f£icld, In the firgt method a Lasal eecticz of
wniavisl arystel of opposite eign is placed ip oeries with sbe sleh o be
axcitsd. Mnctber technigue uses two slabs of simtiss sryeal wish ¢ 50°
optical rotstor pluacsd Letwesn them. S0th theee tecimigues e treatsd
theozstioally ol experimintal zeasuraments ere given 4o show tis re-
sultiag engular polarisstiom pettern. This patters = sism Sotd for
the elsctrically excited case and the ungzcited case,

In wtrongly pareelsctric asnd ferroelsctric cryetals the photo-
alastic gnd 2lotweanric coefficients. elony with the alegtic, dislectric

am8 paczoalocty? s propective’, eAlivit 1arge and andcSslous LENDErEture
m«ok. Data have Goen obtained o the veriatiom vwith tempersture
ofmmmicr“mmW%Mcwaﬁmnﬁ
KIP froe room tempersture dows 6o their respective transition teperetures,
1.0., in the para-eleciriec regicn, anw-ﬂmm
measaremonts’ will be Geacrided and compured 86 Lo suTiacys The elaseioal
thermodynants theory cf the interactice of clectricsl end msohanical

O-...-----.ﬂ..-"‘--ﬂ\.-‘....-’.-o.-..

3. W. P, Nason, Flys. Rev. 89, 173 (1548).
M. Pwicker end Scherrer, Belv. Ihys. Acts 1T, 346 (298%).
S. Gmrpmter, Je Cpto S22, M, !_l'g, 2800 (1!?«}9).
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:‘a"siii‘ﬁiwx“’ t5e crystal vill bs spplied €0 this &Gia is as stiamgn
to ralate the 1nduss? birfrinrsence t0 o properly chosam set of MaOXG~

M;MM_M
Seriety of Mmerics, Wew York, March 911, 1930 J. Opt. Goc. B MO,
gees (1950). '

Oos of the main Qifficulties in the constriytion of e narrow
bend Lyot-ftmmn® trpe polavizsticn tntecference filoer 1s the proccremnt
of lavge alabe of trwisparent Bivefringen: material. Previone filters
have been built masaly of quarts. The narrover the band width, the thiaker
toe required Moxfringsnt olsde. A IA width wuld need & quarts thickmeas
of apuroximtely 6.8 inchew, Optioal guarts of M3 thiskness i¢ cseen=
tially unaveiladlc iz guantity. A £ilter has Sews constructed usiag
emontso Ginplroge: phospiate as the birefringeat materfal. Although thts
arystal is casily svalisbie it 13 estrasely Qifficult to work Socuase of
1ts softness apd Deowuee it 15 wwter soluble. Furthermors, it bns to be
beld 0 finer tolsrances then the quurts slabs deoause of its kigher bire-
fringmce. The filter wiich will be shown bas mechenical tumszg =heah
mablcs 15 to be sdjusted over A range of sbout . It is plecmed in
futurs work 0 tvme! thase filters both elsctricaliy ead mcchamically
sver o wide apectrel ragica.

™ W W W W O T e D P N W e e e T T O S T e G e

6. B. Lyot, Scmpt. vend. 197,159 (1953); Y. Sbmem, Nature 1M1, s30 (1938).
7. 3. B, mg Je Mc 800 Wb a, m‘“. (m‘,)
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5.9 3. XK. 3ilings, "A Birefringent Pructrated Fotal Reflectiov Fiiver”,

Je %o S0c. A%, MLL!_}T. m

pass bands occur 1in pairs which are erpssitely polarised, The maxizwm

theoretical trenamissicn in eny dand is thus 30%. In this papar it is

shown thet if the high index layer of the filter is wmde of a bireSringeat

anterial the opposiiely polariszed pass dands can be iade to coincide s

that the maximm theorstise) +wnnaplgsicn deoi=as 1006 and tim tenis ocouwr

singly. Measuremeirts arc shomn on a Zilier mmde wiih such a birefringmnt

m.

3.1¢ 3, H. Billings, "Iovoluotary Folsrisstion, end Depolarisers”,lmvited
m\,mmm_gmwmm@gm,m
March 1-3, 1953; J. Opt. Soc. Mm. ki, gGwr (10%1).

3,11 B, N. Billings, "Barrov Band Optical Interference Pilters”, Mhoto-

e g, s (1 .

A publication of some of the princingl results desari®™ed in hbe
wxe ‘gtafied tay 2 o el uThemage £.5,

5

b [% . _x £y L =
A% 5. Re Barfoge, “Tew Srtes dipcr TUos L lafrerouge”, (Thin Fiiws
RILTS T XU W™ ~ A W A TR TN A D e BveeA el W T YR R, R

Thin films have found uze in ialrered light es cptical filters,
o3 bolometers and for reducing iho anamt of reflected light. A thin metal
£1lm zan alsd be designed so as to wholly absord a Ziven wgrulsngiu in
the infrared bdamd. :

Two types of filters are described. One e Dr. Turner’s fruse
trated rviflection filter, vhich trensmits u narrow dand in the vigihle

. s . : R e S v SRS o
e
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spoct=r=. The present autdor hes axtndsd 1t use ic infrsrud aed %o
ultre~short vsves of 1 ox wevelength, A sample is dedonstrated, treade
mittinz a 3and 0.1 p vide in the noighborhood of %u.

The second typs is the Demiscn Fadley reflestiag filter, wbich
reflacts 5 et o2 infrarcd tands; seversl such filters are chowmn. The
principie of the Dasniscn Nadley filter is the following: e thia mstal
£41n of 577 ohms/square resistance absords ail the energy in & givm
wavolengti, when placed a guarter wavelength iz frew of & perfectly re-
flecting =i=ror.

Such a thin film cap cocstitute a boiometar, thus cbwistisg the
d1€f1oulty of Leving a setisfactory tlask Bady (all metallic blecks are
grsy in far fnfrared iz )1 Guch e black 13 DO locger newded vhem the
thin £1la 19 of sgpropriste resistance.

3.13 ¥, M. Dreisin, 8. J, Bage, J. M. Anderacn and J. G. Jelatis. “Eigh

Specd Fhotograply with the Kleciro-Omt<c Ghntter™, presented s: 3

Testing of the New Euglend Section of the Optical Gociwty of imwe

izs, spr1d 10. 158,

¥ ues of an wriificially grown erywtalline setericl, ssscnics

Qihyérogen phosplsie, av & hign speod light walvs 15 Sagserided., The
crisntstion remured £o produce the optimm electro-optic eifect, types
of eiectroies used, glectronic reguircasnts of the pulser Wit setivating
the crystal, and ¢the gensral performance of the shutter were imaludsé.
Phokogrephs of exploding firecrackers, exposed by the light of ths ex-
plosicns themeelves, with axposnw times coatrollad by the sdubter emd
varying from 30 40 10 microseconds were showm. An actual Zamstreticn

ki b T
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The Mabry-Perct intexfercmster is an extressly simple Gispersing
instrument requiring only two Llat guarts plates with rsflecting layers
on coe sids hell 2agether by some furk GO @ount to insure parallelisa of
the platse. Ii spite of its simlicity, it bes long been racognised as
the 255Guamt of the highest spactral resolution svalladls for the spec-
troscopy of close line structures. In this repoct its epplicatix Yo the
3rcblam of tho spectrochemical analysic of Lydrogmn-deuterivm mixtures
is surveyeld in detail.

The separstion of the plates is detsrmined to be 0.84 inches
by tha requirsmsnt that the deutsrium fringe be exactly widmy in the
£Tes spectrel range betwesn two successive lydrogen fyinges. At such
nrrey spacings the instrument 1s roci at all delicate or Gitrisult o
alig, 82 coupanrwd W The moos AUMNIcUlt protleas &ising i clsssr lins
Ftructires, vimre the plates bMave to s sraced several :inches spart.

hw&r%mﬁh&%ﬁ@m@mﬂwm‘wﬂm
1s mounted in a vacuua tank. The fringss are observed throush a efrcuiar
apsrture and photocell placed st the center of the WAll-knows Tebry-Ferct
circular fringe pattern. By varyiry the air preasure in the tark, tho
fringes are collgoued, because of the varying index of refrection, and the
wavelangths are scanzed past the aparture. The resulting istensity ver-
mwwumuoi.mmﬂmum. Tor
air the scanning is only about .57 crders {or fres spectral ranges) from

5 : . s T s e o Sl
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SaCu €0 oue etmospbere. mmwwumna(.ﬁm)m
e<izier hamafizoride (1.5 arders). '
The theory of the Pabry-Perot frings shee is &is= . In ey
Sispareing srstem the rescliuvtion and the comtrsst sre the isportawt pare-
aetars. T coutrast is of corridexable importance If douterium in ore
dinery water (.016%) 1s to be detected, for tie fmmerimm fvinms ig
SParpesed Go the lgiogsn deckground,

After determining the theoreticel factors which iafiuesce wha
reecizrion el contrest,; aa sxtenzive axperimenfal progrem was undertakin
¢ achieve the maxiom values of these two important pareswters. The re-
flectivity of tide reflecting layers, the flattess of the plates, aad the
width of ¢he lines in the sources are the three limiting factors on reso-

iutish end coutrest.

I% is shown that miltilgyer reflecting layor's are far superior
0 giiver, and tbm EGlilaFer gispased gave aots thon 2dsgmte reflestivity,
resolution ani cotragt. The reflectivity was then lses a limitstion taxm
tLy flstnese ¢ ke best plates vhick couid be obdtained. A consileradle
discussion 1s given of the techniguss of meking muitilayer reflsctors; sed
of thn epperstus wiich was coustructed for ths indepandsat end nrecise
msarurement of the reflectivity.

It was Gacessery to omaidarably isgoove our apperstus for the
independant determinztion of the flatness of the plates. Actually, 4n
flatness Setarwimetions ths scme limits on reflectivity hold, o tims it
s necsseary to firet solve ths reflectiviiy pwohlem defore ths flatmess
of sur excellent plstes cculd be obeerved. mn ihis wes finclly écos,
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t was found tiat the plates vere flat to somwwhere betwesn 1750 end 1/100
of a fringe of xed ligh:.

At tois point the widt:: and contrast of i Iringss ere priae
cipally determined by the actual source width, A definite assymwtry in
the K alphe line was obssrvubls, which is dus to the Dopplex urosdenst
fine structure. T7The direction and magnitude of the asymmtry are in ace
mvithtmmtm,mdtbovi&hiaiawMﬁth.

s s 2 - o o e e e

- “wkuwmm&mxnwmtmmm

scurce,

The recorder nas to be zmawbat improved in arder to achieve
the snximm signzl to poise ratio. This involved adding additioms) ingrt
&in or sensitivity, &nd increasing the time constent by adding cspocity
to the input. Sowo care had slso tO be exorcised 10 reduse the stray room
iight to & xintmm, since any fluctustions in the strays would de Aigturbing

2 —dh mvesln Vo oaam o e Al - .
=3 ks sUteiim 143}"“ at sl ASV saSSuviaviuie aw very wouEe 2 19

S couwrse cmly the fluctuations ia the dork sunrrect apnd instrwental back.
ground which limit the ssnsitivity of the metiod.

By means of’ all thede evporimantal efforta. it wee posailie &
chexrve the deudarine fringe in ondinary wtor, an affective coutrest of
stout 00 W i.

A socticn in the report is devoted to a compariscn of the light
gathering power, or lumincsity, of the Falry-Perot with pcisus, gratings
ard otbar disperaing elements. The high luminouity of this simple instru-
mot gives it a further sdvantage over the other instrumuts. This is of
particular importance vhan the appliocation is cuergy limited. In this

e o i A
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connsdtion the multilaysr raflectars ere vital, for although silver omm
b avapornied 25 very high reflectivity. ithie is achieved st consider-
able eaxpense in light trensnis=ion at tis posk.

™6 report also discussed the prodlen of shiaining sources of
biah stadility and narrow 1i-3 wilthe., A wixing and dizehayring gorazstue
feo hydrogec and deutarium gases was oonstructed. The moet couveuisst
souxee appears €0 be the wter vapor discharge, and the finsl results were
ctlatload vith this scurce.

1. IFETRDUSTION

For soms montlis work under this contract bas been oconosrned with
isotope axeiysis by s=ans of methods closely apalogous tc standsrd spectrs-
chamical techmigues. In particular, & MmEDer 4F SINDLe INUEXZErOENCric

Aol boeme beer Somoobdmacad du dke hama o8 Acdelnes Lasbwwmantae P
WIS 45T VEEEE iV D VAP VW 1 . ARy Camy e CUEITOR VIS 6w

sepuruting closaly sypaced etcede lines originating from @aiffersnt igotopes
of the swny eldsawne Widck 04 2o lads Tuily enf oxpomsive than l=vas
&rating cpestrographs.

Tn erovicue regorts a polarization interfercsster bas besn de-
serided which ssperetes twc 1lines in a simple two lsutope prodlies imto
two betms polarised &t right angles o sach othar. %Tuls led to an ingmn-
ious msthod where the wavelanwtl- 'gre not dispersed in ordinary spess,
it caly i yolaxrization speoco. Galculations wurs mede 96 show how the
systea might work for hy@rogen-decterium analywris, as & simple, yet
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jigortant, exaspls o the two lsotocps prodlem. A fundaszrtal Adfficulty

is Spplying the swthodé tc low crncentrutions or with high sccuracy arces
1> sy case where the tvo linzs had structure, which might arise five
the fine structure of the lines or from the line bBroademing in the source.
This diffieulty arices in principle frow the fact that In & sense iherw
are cnly two polarization statss, decause sny otber state of polarisation
aan D& resolved into two components in tha given states {(usually takmn
at right cozles). Therefore the polarizatior method, without additicoal
dispersion in ordinary spece, can caly resalve two pursly monochromsticz
1lines.

Scme work was aleo done on s mica Fadry-Perot intertercmster
sTtaa.  This a9thod wvag found to be izgractical because of thz great
difficulty iz eslecting mies clegvage niates whick bad doth birelringsnoe
vaiue and thickness to the required tolszuaces.

The Fadry-rerct interfarogetar pooduces & awriss ¢ very sharp
intarferenice fringes and produces n dispersing instruwment of vy &gt
resolution aud digpersicn, but vith a limited frec spectrwl rmnge because
of overlapring ord>rs., Tharefore i1t is very highly sultid tc gpectrm
analysis problams involvirn; oaly a very few very cinsely spoced gpectrum
linea, which is esaentially the prodlem of isotcpic aralysis i€ a)l other
lines in the spectrum can de eliminated with auxiliary filters.

8incs mica is direfringant, i.e., has two indices of rufrectinn,
it produces tvo independent setn of Pabry-Perst {ringes. hus in the
sense of the wards used above, it 13 an instrument producing botk dis~
psrsivn aed poiarisation. Since tis polarisation doudls beax method led

.
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¢ difticulties shan there were mare theu two pure xozochromatic oaxgo-
pante, reconcidscation of the simple eir sicted FPahrr.Borct interfercawter
o wdsrteaken.

One of the 2ifficulties in the wy of uzinc sn cadinecy Feicy-
Perot for spoctrochemical snalyzic lies i the fact thet two oirculer
elits of different redii would de required %0 select two linss, end tbnt
precise taming of the spacer tuldkness would have to de maintained in
Order to Deep thz TrO liLds centarcd oo The Two slite. There is, howaver,
.m:m&mwmmnmezmmm
o the fringes, vhich consiyts of varring ihe air preacie within the
Pacer layer. Sinoce this varies the indax of relraotiun of the spacer
layer, the cirmilar fringes are ocollapsed sad expsnded by this method,
This led to thes iGea of a simple FalvyPerot intexfarometer enclossd in
e vactam chamber, Fith the wavelengths pacsed by e siagle sparture con-
TIOLig4 DYy VOryang Tt Sir presstse viLIan TS colDer.

In the pext sastine thi= interfer-sater wili he Assoxihed in
detail.
2. GENSRAL TSISRIPTICN O TAR FARRY-PEROT INZERFRREIETER

A Pabsy-Fervt interfaummeier counsists of uwo Dighly reflectiag
layers saparster. by a spacing layer ¥aich maintaine the tw reflectorc
ascurcte’y plase end puraiial, Whew aix is the spacer tha twe plates
are 281l spart by e tiooe-legged devios called a "specer”.

The theory and practics cf the interfuromster sare Gescrided in

detall in Tolemsky's "Righ lissolution Spectrosooss™. Omnly the most

80 L m’ m‘“’ Paris (1953).
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important equations cf its belavior will te reprotuced lere for refarepce.
and for eonsiderations of the characteristics of the ingtrumigt which are
eritical for the E.D arplication. .

Constructive interference occurs end bright sherp fringes are
found ot those wavelengths X and angles § {from the noreal) satisfying

DA = B t cos & (1)
wixte 0 is an igtoger. cmiled TDB Oroer CURDGT Gi LDe iringe, u is e

index of the spacer layer, t is ite thickness.

A nhotogrspix of a typiesi set of circular fringes teien in momn-
chrometic Hg 158 SUEY, iighi is sbows iu Figure 1.

Difteurertiatisng

%--%tm@ {2)
'S
A jeroEsoer oF ipLarvel io Lim soecaiicd | ifve spUCsel FeugY ; Gow
i.8., &\ corresponding to & = 1.
. x? <2
Free gpectral rengs (A\;f--muﬁ (%)
Toe expressica for the Ifree spectrani range in wave musbers is 3ispier,
Lalng indspendent of wave number
(a0), = ety gt (5)
t" R T oca e B
Nov conzlder the applicstion of the intexfercmster to hydrogen-~
m\-muwith%,mm%-ncol.&ws I ordar to

POTETR S (el e e
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APPARATUS FCR HIGH DISPERSION INTERFEROMETRY

MERCURY 198 SOURCE AND MICROWAVE EXCITER

ORDINARY MERCURY 193
MERCURY

FRINGES TAKEN WITH FABRY-PEROT LAM?Z MCOUNT & MICROWAVE EXCITER

INTERFEROMETER HAVING 43MM SPACER
DESCRIBED IN TECHNICAL CIRC. 35062-1.

The Mercury 198 source and exciter consists of txc separate assemblies:

a. The Mercury 198 electrodeless lar:p containing approximately 2.2 mg. of Mer-
cury 198 which has been prepared by transmutation of gold in a pile and con-
tains no other isotopes. Argon is used as a buffer to enhance the mercury ex-
citation. The larap is 6 mm. in diarneter by 14 ¢m long and i1s made of Vycor
#7911 glass.

b. The Mercury 198 Microwave Exciter operaies 2i a wavelength of 12.2 cm in
the 2400-2500 megacycle band. Radio frequency energy is generated in a con-
tinuous-wave magnetron osciilator an< is carried in a {lexible coaxial calie to
the director which concendrates the extergal radistion on the lamp. The unit

has a maximum power output of 125 watts. Relative power cutzut is indicated

High-voltage direct c.rrent for the magnetron is provided by an AC-op=rated
power supply which includes separa‘e plate and filarnent transformers, two 816
rectifier tubes and & {ilter circuit. The input to the high-voltage transformer

is controlled by 2 time delay relay, a timer and a Yariac which controis the RF
power outpi:i to tne magnetron. The fiun pare! Pra%ext and Powes Swiwches
centrol the applicaiivn of lilamen: and plate power :=spectivaiy, while adjaceni
pane! lights indicate switch positions. An Al operated motor-driven blowesr sup-
plies cooiing air throzghout the cabiczt.

The unit is portable and is packaged in 2 hand~rubbed quaricred cak cabinet
measuring 15" x 10" x 11", The exciter is designed for operation from a &0
cycle 115-voit AC power source.

The lamp nount has an aperture of " x 1}” and is furnished complete with
pedestal and watier jacket.

TECHNICAL CIRCULAR RD 502-3 Revised

i

E

‘Baird « Associates, lic.

PRECISION INSTRUMENTS FOR ANALYSIS AND CONTROL

33 UNIVERSITY ROAD, CAMBRIDGE 38, MASSACHUSETTS
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obtain tEs dasi PoSELiLis scpaeiicd, 1t is desirsbie to have the o wewve
lengtihs sevarsted by exactly cac-half order.
1 1 1
“'ﬂx'%'z"“(s:i'g)
This detarmines the required sgpacing t bDetwoesn the two plates.

E......il.s
A 2

vhere A6 is the difference in wave nudar for the two lines. Mi‘a-nag
AS = B,2b5 ca™t and

t = ,0803 cm = 0237 inches (8)

There ave of course vthor solutions weparating the two fringes by 3/g,
5/2, ate. orders, and these requirc thickness 5, 5, stc. times as thick.
Eowroer the tolerancss ocu aligmment, spacing, tempsmeture comtral, etc.,
Gccreage with thickness, so the chosen gclution 1s considered the simplest
in practice,

Fow the quesiicn arises a8 to hov many fringes does the pattern
ghift from atorepheric pressure €0 vacuud. The change in ordsr aushber is

2’“ — J.‘t Samt
By " Ryge ™ R &
For air, y - 1 = 00029, so
Botr = By ™ G.35 fringes.

Thus if the specor thickness is adjusted to centar the i-fringe amotly
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fp the alit et atmomphoric presmne, ths D-fricgs =2n 3o tuasd throvsh
the slit by evammting the chasber.

The maxizmum valus of cos & and of the arder mumber n ccour &t
the center of the cirenlar fring: pattern. hrts.OBO.’Sm,nouM
U837 waves. Integral orders from the normal comr at about 1%k9t, £°M17,
2718, gtc.

The sdvaztaga of the pressure tuning method, of course; is that
one may pick yp the light photoelsctrically from a circular sporture at
the oatter of the pattern, and by verying the pregsure in tho instrument
scen the gpectrel warslencgihs just thia eparturs, recording the trans-
mitted iztensity versus pressire if desired,

Azcordingly, a vacuum tank for holding the fzterferomster was
designed and conxtructed. It was dlscuvered that there was a scrap brase
eylinder in the 1etal stores vhich came €0 close to the desired dimsmusions
that & sonellevahis soving in ccnstruction expanse sould be achiswed e
starting vith this cylindsr. The drawing e reworking this cylindes 1s
shown in Schemstic ¢K-212G. Figure 2 is a photcgreph of the finished tank.
If 1t were not for using ths cvailabls brass cylinder, the diamstsr could
have been mads comevbat gmaller.

The simple soeroid type pressure gauge 1s an Aaberoft gauge mami-
factursd by Memming, iixwell and Moors. Tt presects ataospberic pressure
to vacuum oni a scale of 30 inches. Ths other fittings were an inlet for
the vacum puyp end a smsll needls valve for aldxitting air. & siiple
Welch pmp is adegquats for this instrurwat. Eolcs were 4rillel in doth
the end plstes und collimating lanses ware seclad in with friescm "Q"

)

———t

bR e e e ..-i’ 3
I‘
3 &

i JL S AN 5 M o s

SR S




s 4 B T T, T A S e (OB

i
:
!
3
*
L
:

Wi

i RO M 9 oo

i wn SR F azne dan ol 2 B

Y S,

1
e

T e S e e T e e O AR R A S B SR Pt St e

_—

-4




T MR TN

RANE RS

224rd Agsociates, Inc.

putty tc werve as both windov and lens. These arv not shown in tha

fisure, Dut were added later. The inmput ccadenser lens was of about
£ innhee focal length;, snd is not required o be of varticularly high
quality. e focusaing lecus was n fine achromatic doudblet of 100 em
focal length.

The inte:Povmstss 2= the standard Baird Associates, Inc.
Fadry-Perct Interfercmeter. This instrument was originaily designed
aimilar to principles suggested by Mr., F. 0. Westfall of tae ional
Juresu of Standards., & plotograph of the Baird ingtrument ic showm in
Figure 3.

The speciiied etalor gpecing is 0237 inches. This is much
cuallse than any of the standard invar spacars furnished with the ine
strupent. It was pointed out in Talansky's book that in the man facture of
ordinz=y ateel bells for beariangs, the diasciers are held ¢o zuch cloee
tclersaces tiat thesc serve as the bost practicnl spacers for Fabry-Parot
work st very low separation. Our spacing wus 8lao scoewiat sesaller thun
1 uguslly found in stoel dalls, dut inquiriaz to the various stcel ball
moufactursrs uesartbed two balls close to the desired dlameterye. 3000
of each size wure ordered: .C312 fuches (.78 ‘m} ard 0256 inchesz (.65 mm).
The latter was used for most of thes wurk.

A spacer plate had t0 be mads €0 bold the balls from roiling
around., The first oce wvas mmde of .020 dross and is shogn in Fizure 4,
Trowble was bad witi buckling, and better resulte vare odtained by
utting & similar piece out of a mica cleavage.
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Baird Associates FIGURE '8
L’ - Better Analysis

APPARATUS FOR HIGH DISPERSICH INTERFEROMETRY

FABRY -——PEROT INTERFERCMETER

L ]

g__eneral.

The Fabry-Perot interfeicmeter is one
of the simplest high resolving power instru-
ments which are available to tne research
worker. When the plates are coated with
- - _ 5 suitable materials the instrument is usefulin
o O ey b —— - il the infra red, visible, and ultravioiet.
ALUMINUE: SR o nls L =, —

END PLATE Eali

5 b ; The Fabry-Perot interferometer has
mzary uses: the determination of absolute
waveiengths, the refractive indices of gases;
the measurement of lengths, the widths of
spectral lines; the evaluation of hyperfine
Structure.

BLED INTERFEROMETER KINEWATICALLY MO

Figure 1
The theory of the Fabry-Perot interferometer is dealt with at length in the references given in the

bibliography. Two illustratiorns of how it {its into an optical system are given below.

Fertures of the Baird Associates Fabry-Perot inierferometer are the remarkable easc of assem-
bly, a minimum of adjustments, and a holder which accepts spacers from 0 (0 100mm,

A £= . . " £ H
NL—T77% T _ ;
Y Al g R 1
A Cd T—t A .
"ob" Cc(( 5 L ‘an O, ve FLATE
20 Sw
“e oy eCh,  Ra, Ry Ny
0. "D;,. L7 &
T =
., s
A 4
(] 4y
£y

l\:b
_/»;

=
SOURCE COLLIMATOR FABRY-PEROT CONDENSER
PLATES

FABRY- PEROT INTERFEROMETER CROSSED.WITH SPECTROGRAFH

'Pttrko.."”

PRECISION INSTRUMENTS FOR
ANALYSIS AND CONTROL

33 UNIVERSITY ROAD, CAMBRIDGE 38, MASSACHUSETTS
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Description of Instrument.

The Baird Associates Fabry-Perot Inter-
fercmeter conslsts of twoe fused quartz discs
with flat surfaces, spacers to hold the plates
accurately paraile) a fixed distance spari, and
a holder to kcep the plates lightly pressed
against the spacer ends and to hold this assem-
biy ln an optical system.

The plates, Fig. 2F,are 2'in diameter and
.625"thick. Theyare wedged 5 to 10 minutes of
arc inorder tedisplace the weak secondary pat-
teru iormed by the uncoated faces. One face of
each 2f the two plates is figured to at least \/49
measured at the mercury green line within a
40mm diameter circle concentric with the bev-
eiled edge. The oppusite side is figured to 1
wave. Anarrow placed at the thiciizst part polnis
toward the more highly figured face. The plates
are supplied uncnated. Foruse a highly reflec-
tive, partially transmitting ccating is deposited
on the figured face. The coating is kept wlthin
a 34mm diameter circle so that the spacer ends
rest on clear plate  The best performance is
obtained witha silver coating. Baird Associates
car supply silver-coated Fabry-Perot piates and
will recoat plates on request (See price iist).
Siiver coatings ofien have deteriorated substan-
tially several weeks after deposition by the for-
mation of sulfide. Because of thls many users
wiil wish to have coating facilities available
locally.

The spacers, Fig.2 C,D, and E, which hold
the plates parailel a fixed d.s;an‘e apart are
made of three invar rcds press fitted into one
or two stainless steel rings 2. 75" in diameter.
The spacer ends are optically finished to 110 of
a wave of mercury green iight over an area at
least 1 square millimeter.

When the polished spacer ends are in opti-
cal contzct with the inner surfaces of the Fabry-
Perot plates a yellow interference color is seen
that permits ezsy checkiag of assembly  Stand-
ard spacer lengthz are 7mm, 1'"mm, and 44mm.
Other lengiiis up to100mm are aviiiavie on spe-
cial order. The variation in spacer leg length
is less than /2 of mercury green light.

Refereiices

Figure 2

Thac holdsr, Tig. 28, which heeps ihe iwo
plates lightly in contact with the ends of the
spacer, consists of an aluminum ba:se rlate on
whici is mnunted a fixed aluminum piate. Into
this fixed end plate are pres«s fitted three 1/2"steel
reds. A second aluminum end plate slides on
the three steel rods. Omne Fabry-Perot plate
rests against 3 pins in a depression in the fixed
end piaie. The clear aperture of this end piate
1s a icle 1.375"in diameter. The nther Fabry-
Perot plate {its into the slidlng end plate and is
held ir. by three springs. The spacer {its inside
the steel rods. Set screws clamp the sliding
end plzte in posltion and screws adjust the spring
teasion on the three spacer legs for the final
parallalism adinstmant,

The holder has a cone-slot-plane base
{Kinemaiic mountiing)ior the precise reposition-
ing on the ball bearing levelling screws of the
stand. The outside dimenslons of the interfero-
neter are 6. 75" x 4.875" x 4.375". The inter-
ferometier; stand, pair of Fabry-Perol plates:
and Tmm, i7mm, and 44m:m spacers fit Into an
attraciive, compartmented oak case. CQutside

dimensions of caseare 12.5" x 11" x 6.25". See
photngronhs,

1. Tolansky, S. "High Resolution Spectroscopy' Menthuen and Cr. Ltd. London 1947

2. Candler, C. '"Modern Interferometers’ Hilger and Watts Ltd. Hilger Division 19531

3. Meissner, Kar! Wilh, Journal of the Optical Sociely of America Volume 31 (June
1941) pp 405-427 "interference Spectroscopy Part I"

4, Wiliiams, W, Ewart "Applications of Interferomeiry” L. P. Dutton and Company

Inc. c. 1230
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Zhe optical arrssgenop® is shown iu Figure 5. Ths fring:c are

Y TR R ST FIRNU AT PR R T ERN e PR Y Te e T PO

{4 focus av the foecal point of the 100 == coliimmtor. At this point a
Senoo wvariabls iris disrhvesw yas placed. A field lins and f£ie:d stop
sathored the light inte the 1PP) protoemltiplier. Thoee served to elim- :

ol

inste 211 stray soom light pot cawing frow the immsdiets Yielnity of the
coliimator leng. The photoemltiplier pover suypply could supply vericus
voltagos stepwise. Ewever after contrasius of sevaral hundred ware
obtaiznad, it bDecamm necessary o Lu:ildl a room light shieid around the
ingtrurew., which wes wot in e davk room. A very satisfectcry Leeds and
Barthyws SosedoraX was avoiishle av the letoratories for revording tha
light as the pressure was varied in the tank. Tais instrusmt s
standeri scales of 2, 5, 10, 20, 50 and 10C microampures full soale, A
Rawson micioammeter with 1C and 100 abcroszpece scaie was also occasicoe-
elly used.

A refinsment vhich kRas not been added o ths gpparatuvs as et
13 o synchronisstion betveen ths pressure in tha tank and the recorder
chart paprer drive. Dis ws done by Jacquinot mlmm.u}m.a s»imdlar
SPPUATRTUE -
2. FONGE ITERTIT MISTRIZAMIOE - OWMYRAIY; NESCLUTION AKD YRARSMZIOGICH

oF IR FRINGGS

E P TIG S PRRT

folaneky gives the jsnerel axpression as Tirat darived by Airy
for the frirgs ixtensity dietridbutiom.

ety gl ®
(1 - R) 14-(;——3-)-5-1:: ]

i b S LD s e b GRS

9. Fo Jecquinct and 8. Dufour, J. Rechorches du 2.K.R.2., Bellevue, 6, 1 {1948)
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whare 8 = (#x/i) & t cos o

A plot of this equetion i3 shown in Figure 6, with the quen-
titiss of intercst merked.

The retio of the maximm trsnsmission to the minim:m 1¢ defined
s the "contrast” of the fringes.

an (2 +» mi®
-B2" (1-R)
This facter is Lportant in dctexmining the conceptretiom accuracy of the
jlastxaent, o its ecasitivity £8 neasuring very low conceutrations of

Seuterivm, sincs the P 1ight will be lnst in ths backgrowd cf tbe ¥ fringe.
hmtmiwmﬁmmeam, which i on2 of the
principal reatcrs for chocsing an etalon specing meking D sppear cns-lalf
criar Trom X.
Representative values of the contzewet gre:
31.0 53.20%
k9,0 2,054
a.3 1.85%
i5& 0.68%
380 0.20%
1830 0.06%
It shxmld de emphigized thet the contrast dapsnls o2ly om the
reflectivisy R and not on the transmisgion or absorption in the rafiecte
ing layer.
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Wren we cans to Alscuss the reductica of alsctronic noise ths
effsct of tha contrast oo the sesolving pover in the intexsity scale will
be considered more coxefully. It is the Muctustions in the deckgromd,
pot the beckgrowmnd iiself, thet lixits the accurecy and sensitivity in
intaneity messurement. In spectrum analysis one plots light imtansily
versus wsvelength. The contrust has an isportani bearing on the resolu-
tion 12 the intensity scala. We now consider the resoluticm iz the vave
langth scale, which we w21l call by the limited teram “resoclution”.

The wavelsnzid resolutic.: is limited by the balf width of
fringes which cau be cbitained, There bhave been a muber of eriteria
or ornvantions used Ifor the resolvirg liwit of dispersing instruments,
Tt tha; are Al avout Thv samse, It scuws most coovenisnt t5 take as
eriterion that tvo lines can be just resolved if they are separated by
total width betwecn half maxize foor sither. This criterim is uct greatly

From equstion {O) For the risge intuasity distelvuticn 1% s
my%s&vt&tt&@t&zﬁ&y%m«&v&nt&&&rmﬁun-
4 t cos o)) departs from s integer by

(an)\ in ™ L:"%

L3 a‘/-a-
The total width betwesn half maxime, =casured in fractions of an oxder
of intsrference, is jJust twica this, and vill be designated by

-}-:—R.
ta a/E (20}
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This geartity 4c the rosolving 15t o wrders of falecfeemos
and 1s & guantity depending znly oo reflectivity, ot on wavelangth, etalon
spacing, nor sngls of o ssrvution. Jacquinot and other Freash workers
in the £1qld fave found 4t convenieat tc defins ths "tinesse” X as the
reciprocal of this reeo ving iimit. This is e comvenient paramster to be
takaz: 33 the figure of aerit cf a Fabry-Parot interfercoster.

is%-%g ‘ (n)
T™he reeclving limit in wavelengti or wve number 15 now reallly

ottainad by mulitiplying & by itie free spertrz! sunge in woveisigth o
wve mades’,

(i2)
ag,., 1 _ 1.,
o =la A= SEXEE T R D %;
Mcno-tmomm.
The "resoluticn” &s wrdinarily defined iu optice). probiems is =ov
Dm‘l.-sf":- - _l‘,i = %_._. zio -lx

the "fivesse” 13 aloc 4 mmber of furdarwrtal imterest in the
behavior of a Faley-Parot Inierfercustar, beownse it ¢z gmoximetsly
sgeal o Ui mamer of interfering bheens of spproximtely ogual intensity
in the mltiple dear interference. In othor words, the bemis of ousber
guatir then ¥ bave besn diminished by successive reflection until thay
make & pDogligidls contridution to the sua of interfering eplitudes. In
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the Lumoer-Geirke intesicromeiar, for cxaiple, there ace only & finite
her of beams, but all have unity amplituda, since they aic reflected
st total internal reflecticn. A Lummer-Jckrke plate arrenged to yroduce
interference betwoen Just K Deams has similar pauperties to a Falovye

Parot interfercewter with finesse N.

The quantities now vhick depend solely on the reflectivity ave
the contrast 0, the resolving limit du, the finesse K. These are plottsd
rerwuz reflectivity in Maure 7.

In the case where R is .90 plus or rdmus .10, there is sn approxi-

Sz 0.b e

b, THORNIQSS OF MAKING BSFLEETING LAYERS

The reluxtive shige cf the interferonce fringss in ths Fabry-Ferot
dopeands only on the refloctivity of the lavers. If thare $a abeaorrion
in the reflectirg layer, as is alvays the case with tuin matallic films,
+he trensmission of the fringes is reduvced evaryvhere by the same foctor,
the first term in eqution (8). Thus for the peak trongmission of the

frirgs, v= can Wmrite

el & s
= — B % = e (1s)
ML Re L T

sicce the sbocrption A= 1 - R - 7,

This loss in tranemission can ¢ course becoms serious if cne
is opereting in en emergy limitod situation. Such is very liksly to be
tim cese of one cttaapts to observa the deuterium alpha line from a
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sexple with culy s few hundrediba percent &evterivs. For tic hydrogmm
alectarge will be wesit to stert with 1f its line broedsating is to be Bapt
emll, snd photomltipliers bave consideradly refuced semsitivity st
222 =i,

In Pigure 5 1z plotted the trexsmission T, of the irterfero-
metor for sevaril fixed values of the sboorptice A. [Faliowing & suggestion
of Jucquinot, the abscisse is ti finssse N, which as discussed adove, is

vennsnsed & s Som  onm PUCID Sy P S YN oo Al oo
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